WO 2005/076027 



PCT/IB2005/050447 



An RF coil system for an MRI system with a fixed and a moving part 



The present invention relates to an RF system for a magnetic resonance 
imaging device, comprising an RF transmitter coil subsystem and an RF receiver coil 
subsystem. 

The present invention also relates to a magnetic resonance imaging device, 
5 comprising a main magnet system, a gradient coil system, an RF system and a signal 

processing system, said RF system comprising an RF transmitter coil subsystem and an RF 
receiver coil subsystem. 

The basic components of a magnetic resonance imaging (MRT) device are the 
main magnet system, the gradient coil system, the RF system and the signal processing 
10 system. The main magnet system typically comprises a bore hole enabling the entry of an 
object to be analyzed by the MRI device, and generates a strong uniform static field for 
polarization of nuclear spins in the object to be analyzed. The gradient coil system is 
designed to produce time-varying magnetic fields of controlled spatial non-uniformity. The 
RF system mainly consists of an RF transmitter coil subsystem and an RF receiver coil 

15 subsystem, wherein the RF transmitter coil subsystem is capable of generating a rotating 
magnetic field for excitation of nuclear spin resonance in the object to be analyzed, and 
wherein the RF receiver coil subsystem converts a precessing magnetization of spinning 
nuclei into electrical signals. The signal processing system generates images on the basis of 
the electrical signals. The present invention is related to the RF system of such an MRI 

20 device, especially to the RF receiver coil subsystem of such an RF system. 

It should be noted that MRI devices which comprise the above-mentioned bore 
hole within the main magnet system are also often called cylindrical (or closed) MRI devices. 
The present invention is not limited to such cylindrical MRI devices. The invention can also 
be used in non-cylindrical (or open) MRI devices typically comprising a C-arm with a cavity 

25 instead of the bore hole. 



From prior art two types of RF systems or RF receiver coil subsystems are 
known. According to a first type of such an RF system, the entire RF receiver coil subsystem 
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is fixed to the object to be analyzed, preferably around said object. Such RF systems have the 
disadvantage that there are many cables and moving parts that may interfere with a 
comfortable position of the object to be analyzed. Such an RF system may also hamper the 
preparation of the object to be analyzed, because a lot of coils have to be placed around said 
5 object. Within the second type of RF systems or RF receiver coil systems, the entire RF 
receiver coil system is fixed to the main magnet system of the magnetic resonance imaging 
device. This type of RF systems have the disadvantage that the RF receiver coil subsystem is 
positioned with a larger distance from the object to be analyzed, resulting in a lower signal- 
to-noise ratio. Reference is made to the prior art US 5,600,245 and US 2002/0138001 Al. 



It is an object of the invention to provide an RF system of the kind mentioned 
in the opening paragraph and a magnetic resonance imaging device of the kind mentioned in 
the opening paragraph, in which the disadvantages of the known RF system and of the known 

15 magnetic resonance imaging device are prevented as much as possible. 

In order to achieve said object, an RF system in accordance with the invention 
is characterized in that the RF receiver coil subsystem comprises at least one first coil-like 
element and at least one second coil-like element, wherein the or each first coil-like element 
is assigned to a main magnet system of the magnetic resonance imaging device, and wherein 

20 the or each second coil-like element is assigned to an object to be analyzed by the magnetic 
resonance imaging device. 

In order to achieve said object, a magnetic resonance imaging device in 
accordance with the invention is characterized in that the RF receiver coil subsystem 
comprises at least one first coil-like element and at least one second coil-like element, 

25 wherein the or each first coil-like element is assigned to the main magnet system, and 

wherein the or each second coil-like element is assigned to an object to be analyzed by the 
magnetic resonance imaging device. 

An RF system in accordance with the invention and a magnetic resonance 
imaging device comprising such an RF system have various advantages over the MRI 

30 devices and RF systems known from prior art. Compared to an RF system for which all coils 
are attached to the object to be analyzed and for which all coils move with the object to be 
analyzed, there are advantages for the operator of the magnetic resonance imaging device and 
for the object to be analyzed. For the operator it is much easier to set up the object to be 
analyzed because of the fact that only the second coil-like element has to be attached to the 
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object and that fewer cables have to be connected to the MRI device. For the object to be 
analyzed, the comfort can be increased because of the fact that there are no coils positioned 
between the bed and the posterior part of the object. In addition, there is more space available 
in the examination space. Compared to a device where all parts of the RF receiver coil 
5 subsystem are fixed to the main magnet system, a higher signal-to-noise ratio can be 

achieved, because of the fact that the parts of the RF receiver coil subsystem are positioned 
closer to the object to be analyzed. 

In accordance with a preferred embodiment of the invention, the or each first 
coil-like element is positioned below, preferably directly below, a support or bed on which 

10 the object to be analyzed is placed. The or each first coil-like element is attached to the main 
magnet system of the magnetic resonance imaging device, in a way that a relative movement 
between said support or bed and the or each first coil-like element is possible. 

In accordance with a further improved, preferred embodiment of the invention, 
the or each second coil- like element is positioned above, preferably directly above, the object 

15 to be analyzed. The or each second coil-like element is attached to the object to be analyzed, 
in a way that the or each second coil-like element is movable together with the object to be 
analyzed. The or each second coil-like element is movable together with a support or bed on 
which the object to be analyzed is placed relative to the or each first coil-like element. 



20 

Embodiments of an RF system and a magnetic resonance imaging device in 
accordance with the invention will be described in the following with reference to the Figs., 
wherein 

Fig. 1 shows an MRI device according to the prior art; 
25 Fig. 2 shows an MRI device including an RF system, namely an RF receiver 

coil subsystem, according to a first embodiment of the present invention; and 

Fig. 3 shows an MRI device including an RF system, namely an RF receiver 
coil subsystem, according to a second embodiment of the present invention. 



30 

Figure 1 shows a magnetic resonance imaging (MRI) device 1 known from 
prior art which includes a main magnet system 2 for generating a steady magnetic field, and 
also several gradient coils providing a gradient coil system 3 for generating additional 
magnetic fields having a gradient in the X, Y, Z directions. The X direction of the coordinate 
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system shown corresponds to the direction of the steady magnetic field in the main magnet 
system 2 by convention. The X axis is an axis co-axial with the axis of an examination space 
of the main magnet system 2, the Z axis is the vertical axis extending from the center of the 
magnetic filed, and the Y axis is the corresponding horizontal axis orthogonal to the X axis 
5 and the Z axis. The gradient coils of the gradient coil system 3 are fed by a power supply unit 
4. 

The magnetic resonance imaging (MR!) device 1 according to Fig. 1 further 
includes an RF system 5 comprising an RF transmitter coil subsystem and an RF receiver coil 
subsystem. The RF transmitter coil subsystem serves to generate RF magnetic fields and is 
10 connected to an RF transmitter and modulator 6. The RF receiver coil subsystem is used to 
receive the magnetic resonance signal generated by the RF field in the object 7 to be 
examined, for example a human or animal body. 

Furthermore, the main magnet system 2 encloses an examination space which 
is large enough to accommodate a part of the body 7 to be examined. The RF system 5, 
15 namely the RF receiver coil subsystem, is connected to a signal amplifier and demodulation 
unit 10 via a transmission/reception circuit 9. 

The control unit 1 1 controls the RF transmitter and modulator 6 and the power 
supply unit 4 so as to generate special pulse sequences which contain RF pulses and 
gradients. The phase and amplitude obtained from the demodulation unit 10 are applied to a 
20 processing unit 12. The processing unit 12 processes the presented signal values so as to form 
an image by transformation. This image can be visualized, for example by means of a 
monitor 8. 

According to the present invention, the magnetic resonance imaging (MR1) 
device 1 comprises an improved RF system, namely an improved RF receiver coil subsystem, 

25 which will be described below in greater detail. The present invention provides a new RF 
system for magnetic resonance imaging devices. 

Fig. 2 shows a magnetic resonance imaging device 13 together with an object 
14 to be analyzed in two different positions of said object 14. Fig. 2 shows a main magnet 
system 15 of the magnetic resonance imaging device 13 enclosing an examination space 16, 

30 said examination space 16 being large enough to accommodate at least a part of the object 14 
to be analyzed. The object 14 to be analyzed is positioned on a support or bed 1 7, which 
support or bed 1 7 can be moved relative to the main magnet system 1 5, so that the object 14 
to be analyzed can be inserted into the examination space 16 or removed from said 
examination space 16. In the upper part of Fig. 1, the object 14 to be analyzed is nearly 
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completely inserted in the examination space 16. In the lower part of Fig. 1, the object 14 to 
be analyzed is nearly completely removed from the examination space 16. 

In addition to the main magnet system 15 enclosing said examination space 
16, the magnetic resonance imaging device 13 according to the present invention comprises 
5 also a gradient coil system and an RF system. In order to simplify the drawing of Fig. 2, the 
gradient coil system is not shown in Fig. 2. In addition, only the RF receiver coil subsystem 
1 8 of the RF system is shown in Fig. 2. 

The RF receiver coil subsystem 1 8 according to the present invention 
comprises at least one first coil-like element 19 and at least one second coil-like element 20. 

10 The or each first coil-like element 19 is assigned to the main magnet system 15 of the 
magnetic resonance imaging device 13. The or each first coil-like element 19 may be 
designed as part of a built-in system body coil. The or each second coil-like element 20 is 
assigned to the object 14 to be analyzed by the magnetic resonance imaging device 13. Fig. 2 
shows only one first coil-like element 19 and one second coil like element 20. Each of these 

1 5 coil-like elements may comprise one or more loops. 

According to the embodiment of Fig. 2, the first coil-like element 19 of the RF 
receiver coil subsystem 18 is attached to the main magnet system 15 and positioned directly 
below the support or bed 1 7 on which the object to be analyzed is placed. The first coil-like 
element 19 of the RF receiver coil subsystem 1 8 is, according to the embodiment of Fig. 2, 

20 fixedly attached to the main magnet system 15. This allows a movement of the support or bed 
17 relative to the main magnet system 15 and relative to the first coil-like element 19. 

The second coil-like element 20 of the RF receiver coil subsystem 18 is 
attached to the object 14 to be analyzed, namely directly above the object 14. The second 
coil-like element 20 is movable together with the support or bed 17, and therefore together 

25 with the object 14 to be analyzed, relative to the main magnet system 1 5 and relative to the 
first coil-like element 18. 

Within the embodiment shown in Fig. 2, the RF receiver coil subsystem 18 is 
designed as a multi-element coil, a first coil-like element 19 being fixed to the main magnet 
system 15, and a second coil-like element 20 being fixed to the object 14. The first coil-like 

30 element 1 9, which is fixed to the main magnet system 1 5, is placed directly below the support 
or bed 17, close to the posterior part of the object 14. The second coil-like element 20, which 
is fixed to the object 14, is placed on top of the object 14, namely directly on the anterior part 
of the object 14. Therefore , the first coil-like element 19 and the second coil-like element 20 
acting together as a receiver coil are positioned close to the object 14 to be analyzed. 
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Fig. 3 shows a second embodiment of a magnetic resonance imaging device 
comprising a RF system, namely a RF receiver coil subsystem, according to the present 
invention. The embodiment according to Fig. 3 comprises similar components as the 
embodiment of Fig. 2. For that reason, in order to avoid unnecessary repetitions, the same 
5 reference numerals are used. 

The embodiment of Fig. 3 differs from the embodiment of Fig. 2 only with 
respect to the feature that the first coil-like element 19 of the RF receiver coil subsystem 18 is 
not fixedly attached to the main magnet system 1 5, but movably attached thereto. As a result, 
the support or bed 17 can be moved relative to the first coil-like element 19, and in addition, 
10 the first coil-like element 19 can be moved relative to the support or bed 1 7 on which the 
object 14 to be analyzed is positioned and relative to the main magnet system 1 5. Such a 
configuration can be used to optimize image quality. 

In the upper part of Fig. 3 pre-scans of the object 14 to be analyzed are 
obtained at a certain position x of the support or bed 17. In order to optimize image quality, 
15 the bed 17 is moved slightly to the position x+Ax as shown in the middle part of Fig. 3. When 
the bed 17 is moved to the position x+Ax, the second coil-like element 20 of the RF receiver 
coil subsystem 18 attached to the object 14 on the anterior part of the object 14 moves by the 
distance Ax. It should be noted that the distance Ax is only a small distance. In case that the 
image quality at the position x+Ax is better compared to the image quality at the position x of 
20 the bed 1 7, the first coil-like element 1 9 of the RF receiver coil-subsystem 1 8 can be moved 
slightly by the distance Ax as shown by the arrow 22 in the lower part of Fig. 3. By moving 
the first coil-like element 19 by the distance Ax, the pre-scans are also valid for the bed 17 at 
the position x+Ax. 

Compared to a RF system for which all coils are attached to the object to be 
25 analyzed and for which all coils move with the object 14 to be analyzed, there are advantages 
for the operator of the magnetic resonance imaging device and for the object to be analyzed. 
For the operator it is much easier to set up the object to be analyzed because of the fact that 
only the second coil-like element 20 has to be attached to the object 14 and that fewer cables 
have to be connected to the MRI device. For the object 14 to be analyzed, the comfort can be 
30 increased because of the fact that there are no coils positioned between the bed 17 and the 
posterior part of the object 14. In addition, there is more space available in the examination 
space 16. Compared to a device where all parts of the RF receiver coil subsystem are fixed to 
the main magnet system, a higher signal-to-noise ratio can be achieved, because of the fact 
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that the parts of the RF receiver coil subsystem are positioned closer to the object to be 
analyzed. 

In both embodiments shown in Figs. 2 and 3, the second coil-like element 20, 
which is assigned to the object 14 to be analyzed, can be designed as a wearable unit. Said 
5 wearable unit is attachable to the object 14 to be analyzed, outside the magnetic resonance 
imaging device and before MRI analysis. So, the object 14 can put on such a wearable unit 
before the examination starts. 

Furthermore, the bed 1 7 can be designed in a way that the bed 1 7 is 
compatible with a trolley system. This would allow to prepare the object to be analyzed on 
10 such a trolley outside an examination room, including the placement of the second coil-like 
element 20. It is then possible to transport the object 14 to be analyzed to the MRI device 
already prepared for examination. 



